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Activation of Cdc14 phosphatase, controlled by a
signalling cascade known as the mitotic exit
network, is the final switch that drives cells from
mitosis into the next cell cycle. The recent discovery
of a novel network that regulates early Cdc14 acti-
vation has revealed the unexpected existence of a
two-step control of mitotic exit.
In all eukaryotic cells, exit from mitosis requires the
inactivation of cyclin-dependent kinase (Cdk) activity.
Elegant work by Visintin et al. [1] suggested that, in
budding yeast, the Cdc14 phosphatase plays a pivotal
role in mitotic kinase inactivation through its dual
action in promoting proteolytic degradation of mitotic
cyclins and accumulation of the Cdk inhibitor Sic1.
This is achieved through dephosphorylation of three
key substrates: Sic1 itself, Swi5, a transcription factor
for SIC1, and Hct1, a specificity factor for the
anaphase-promoting complex (APC)-dependent prote-
olysis machinery [1]. Cdc14 is the ultimate effector for
a complex signal transduction pathway known as the
‘mitotic exit network’, or MEN [2,3] (Figure 1). This
pathway is activated after nuclear partitioning by the
Ras-like GTPase Tem1, which triggers a protein kinase
cascade comprising Cdc15, Dbf2/20 and Mob1, a
protein of unknown function [4].
Significant insight into the regulation of Cdc14 came
with the discovery of a multifunctional protein
complex named RENT — for ‘Regulator of Nucleolar
Silencing and Telophase’ — which regulates Cdc14 in
an unexpected fashion by anchoring it in the nucleo-
lus for most of the cell cycle [5]. A nucleolar protein,
Net1, related to a protein phosphatase I regulatory
subunit, is directly responsible for binding Cdc14 and
inhibiting its phosphatase activity [5,6]. Following
activation of the MEN, Cdc14 is released from the
nucleolus in late anaphase, allowing it to reach its
targets in the nucleus and cytoplasm. It is yet to be
established, however, how the MEN triggers the
eviction of Cdc14 from its nucleolar prison.
Now, a compelling paper by Stegmeier et al. [7] has
challenged our view of Cdc14 regulation. By
examining the localisation of Cdc14 in highly synchro-
nised yeast cells, these authors have found that
Cdc14 release is initiated in early anaphase, and not
during late anaphase as originally suggested. Surpris-
ingly, this release does not depend on the MEN but on
a novel regulatory circuit, the so-called FEAR — for
‘Cdc Fourteen Early Anaphase Release’ — network,
comprising the separase Esp1, Slk19, Spo12 and the
polo-like kinase Cdc5.
The onset of anaphase is triggered by the activation
of Esp1, which is responsible for cleaving the cohesin
subunit Scc1 allowing the separation of sister chro-
matids [8]. However, earlier work had also implicated
Esp1 in mitotic exit, as esp1 mutants are delayed in
cyclin destruction and overproduction of Esp1 led to
premature Cdk inactivation [9,10]. Now Stegmeier et
al. [7] have clearly shown that Esp1 is required for the
early anaphase release of Cdc14. This discovery also
provides the first mechanistic clue to how mitotic exit
is coupled to the execution of anaphase. Whether the
Esp1-dependent release of Cdc14 requires its pro-
tease activity is not entirely clear. Provocatively, a
mutant lacking the kinetochore/spindle-associated
protein Slk19, a known substrate of the Esp1 protease
[11], was also found to exhibit a delay in mitotic exit
and reduced Cdc14 release during early anaphase.
One possible scenario is that Esp1 triggers Cdc14
release through its action on Slk19. Surprisingly,
however, cells expressing a non-cleavable version of
Slk19 have no defect in mitotic exit, and cleavage of
Slk19 does not appear to be necessary for FEAR
network-induced release of Cdc14 from the nucleolus
[7]. Thus, the relationship between Esp1 and Slk19 in
the FEAR network remains obscure.
Similarly, the connection between Spo12, the third
FEAR component, and the other two members is not
obvious. SPO12 was originally identified as a null
mutation affecting meiosis. However, cells deleted for
SPO12 exhibit a slight G2/M delay [12], which corre-
lates with defects in early Cdc14 nucleolar release [7].
This is consistent with genetic observations that high-
copy SPO12 can rescue a wide range of mitotic exit
mutants (dbf2-2, tem1-3, cdc15-1, lte1∆ and cdc5-1)
but cannot overcome the arrest of cdc14 mutants at
the restrictive temperature [2,12,13]. Significantly,
Spo12 was recently reported to localise to the nucle-
olus during mitosis [13], which makes it the only
member of the FEAR circuit to be in the right place at
the right time to control Cdc14 release. Thus, Spo12
may be the proximate effector of the FEAR in regulat-
ing Cdc14 localisation. In addition, the rapid degrada-
tion of Spo12 in G1 via an APCHct1-dependent
mechanism [13] may be important in terminating FEAR
function until required again in late mitosis. Clearly
much work remains to be done to establish the rela-
tionship between the FEAR members and to address
whether they function jointly or in separate pathways
to promote Cdc14 release during early anaphase.
Recent studies have implicated the polo-like kinase
Cdc5 as being a key regulator of mitotic exit [3,14,15].
Stegmeier et al. [7] have now shown that Cdc5 is
unique in controlling both the MEN and the FEAR
network and, as a consequence, cdc5 mutants have
Cdc14 anchored in the nucleolus at all times. The
connection between Cdc5 and Cdc14 release will be
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difficult to decipher, as Cdc5 functions in multiple
ways to control mitotic exit. For example, it was
recently shown to phosphorylate the Bfa1/Bub2
complex, which acts as a two-component GTPase-
activating protein (GAP) for Tem1 at the top of the
MEN [14] (M. Geymonat, unpublished data). However,
the effect of this phosphorylation on MEN activity
remains enigmatic [14,15]. In addition, Cdc5 activity is
required downstream for Dbf2 kinase activation
[3,16,17], and so it impinges in several ways on the
MEN. Unravelling the precise role of Cdc5 in the MEN
and FEAR pathways is obviously a major task for the
future.
It is important to note that the early release of
Cdc14 induced by FEAR is not sufficient to trigger exit
from mitosis. At the restrictive temperature cdc15-2,
dbf2-2 and tem1-3 mutants arrest in telophase with
Cdc14 re-sequestered in the nucleolus, showing that
MEN activity is essential to maintain Cdc14 in a
released state at the later stages of anaphase and
telophase [7]. The FEAR network is therefore critical
only for the timely exit from mitosis. When the MEN
activity is decreased, however, the FEAR network
becomes indispensable for mitotic exit. For instance
in cells deleted for Lte1, the putative nucleotide
exchange factor for Tem1, removal of ESP1, SPO12 or
SLK19 is a lethal event [7].
Why the release of Cdc14 by the FEAR network is
only transient is not known. The answer may lie in part
in the apparent confinement of FEAR-induced Cdc14
to the nucleus [7]. This raises the intriguing possibility
that MEN activity is required for nuclear export of
Cdc14 to allow access to its targets required for
mitotic exit. However, Cdc14 liberated by the FEAR
network is catalytically active and able to dephospho-
rylate at least one of its known substrates, the Cdc15
kinase. Although the role of Cdc15 phosphorylation
needs further clarification, a non-phosphorylatable
mutant of Cdc15 is a more potent stimulator of mitotic
exit [18], and so a Cdc14 feedback might well activate
Cdc15 function to promote further Cdc14 release and
hence mitotic exit. Consistent with this notion, Cdc14
appears to be required for full activation of Dbf2
kinase activity [7]. A reasonable model is therefore
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Figure 1: Exit from mitosis in S. cerevisiae is regulated by the FEAR and MEN networks.
At the metaphase to anaphase transition, Esp1 is liberated from its inhibitor Pds1 and initiates chromosome separation and spindle
elongation. In addition, Esp1 acts in the FEAR network, which also comprises Slk19, Spo12 and Cdc5. The order of function of the
FEAR components has yet to be elucidated. This network triggers, by an unknown mechanism, a transient release of Cdc14 from the
nucleolus into the nucleus during early anaphase. This early anaphase release may be important for a full and timely activation of the
entire mitotic exit network (MEN). In late anaphase MEN activity further promotes Cdc14 delocalisation to the nucleus and cytoplasm
allowing it to dephosphorylate and activate Hct1 and Sic1. This in turn leads to the inactivation of Cdk/Clb activity, a prerequisite to
proceed through telophase and cytokinesis. Cdc5 kinase appears to be implicated both in FEAR and MEN control, although its precise
role remains unclear.
APC/CCdc20
Scc1
CytoplasmNucleusNucleolus
Mad1/2/3, Bub1/3
Cdc14Cdc14 Cdc14
FEAR
Tem1GDP
Tem1GTP
Bub2/Bfa1 Lte1
Cdc15
Dbf2/20
Mob1
Sic1
Cdk/Clb
Cdc5 MEN
APC/CHct1
?
? ?
Clb5
Metaphase Early anaphase Late anaphase Telophase and
cytokinesis
Spo12Esp1 Slk19
Checkpoints
Sister chromatid separation
and spindle elongation
Net1
+ or -
Pds1
Current Biology 
that early release of Cdc14 is necessary for the com-
plete and timely activation of the entire MEN. A posi-
tive feedback loop would then ensure that sufficient
Cdc14 is maintained in a liberated and active state to
drive cells out of mitosis. A new view of mitotic exit
has thus emerged with the identification of this bipha-
sic control of Cdc14 (Figure 1).
Several key questions remain to be answered, for
example how do the FEAR network and the MEN act
at the molecular level to trigger the release of Cdc14
from the nucleolus, and how is liberated Cdc14 trans-
ported back into the nucleolus when the MEN is inac-
tivated? Interestingly, Net1, the nucleolar anchor for
Cdc14, is a phospho-protein [5] and with the presence
of multiple kinases in the FEAR and MEN, a tantalising
possibility is that phosphorylation by one of these
kinases may be important in this control.
The regulation of Cdc14-like phosphatases is likely
to be at the core of mitotic exit control in higher organ-
isms as well [19]. However, in contrast to its yeast
counterpart, mammalian Cdc14 is not sequestered in
the nucleolus, which dissolves long before activation
of the APC–Hct1, but instead it associates with the
centrosomes. It is important, therefore, to bear in mind
that, despite the conservation of the Cdc14 phos-
phatase, the mitotic exit network in different cell types
may use distinct mechanisms to regulate Cdc14 acti-
vation. No doubt this will be an exciting field to explore
in the future.
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